US 6,257,281 Bl 

1 2 

MULTI-LAYER TUBING HAVING AT LEAST In order to avoid this phenomenon, patents such as U.S. 

ONE INTERMEDIATE LAYER FORMED Pat. No. 5,076329 to Brunboffer disclosed a five-layer fuel 

FROM A POLYAMIDE ALLOY line in which the inner fluid -contacting surface was com- 
posed of nylon 6. In U.S. Pat. No. 5,038,833 to Bmnhoffer, 

FIELD OF THE INVENTION 5 a three layer fuel line was proposed in which a tube is 

The present invention relates to tubing for use in a motor formcd havin S a co-cxlruded outer wall of nylon 11 or nylon 

vehicle. More particularly, the present invention relates to a 12 > an intermediate alcohol barrier wall formed of ethylene 

multi-layer tube which can be employed for transporting ^Y 1 alcoho1 copolymer and an inner water blocking wall 

hydrocarbon-conuining fluids such as automotive fuel. Such formcd o£ a Polyamide such as nylon 11 or nylon 12. In DE 

tubes would be employed in a fuel line or a vapor recovery 10 40 06 870 > a fuel line was proposed in which an intermediate 

line of a motor vehicle solvent barrier layer is formed of unmodified nylon 6.6 

either separately or in combination with polyamide elas- 

BACKGROUND OF THE INVENTION tomers. The innermost layer is also composed of polyamides 

c . , . Air a ,. . such as modified or unmodified nylon 6 while the outer layer 

Single layer fuel lines and vapor return lines construded . ^ either n Ion 6 or n Ion 12 UK a lication 

of synthetic materials such as various polyamides have been 1 15 ^^^t^?^! fL- n \ ° D °/ T i 1Ca l ? n 

7 , . | i • ,i , V i r i * number 2 204 376 A discloses a tube which has a thick outer 

proposed and employed in the past, ruel lines employing . . - . . , . . - , r , 

such materials generally have lengths of at least several ^ COm P OSe f 1 ° f a P° such " « or ■J**" 

meters. In order to fulfill their function, the tubing employed and/or ^ 1 ° r 12 «**™led ««b " alcohol- 

c t ♦•ait . w - . * *u a- resistant polyolefin, and a copolymer of propylene and 

tor an automotive fuel lme must be inert to the medium , . !T J ' r J r rj 

flowing through it and resistant to both temperature 

extremes and to mechanical loads. It is important that the In certain situations, it has been found that multi-layer 
line, once installed, not materially change during the length tube havin S innermost layer composed of nylon 11 or 
of operation either by shrinkage or elongation or as a result n y lon 12 ^ n be employed without adverse effects. In U.S. 
of the stresses to which the line may be subject during use. Pat - No - 5,313,987, a multi-layer pipe is disclosed which has 
Single layer tubes are not always capable of meeting the 25 ? D outer P^Y™* **** *** ** intermediate layer formed 
necessary requirements. Transport of materials containing *°id a fixture of a thermoplastic polyester such as poly- 
aliphatic or aromatic chemicals can create undesirable dis- but y lene ^repthalate and a compound having at leas two 
advantages such as permeation, dimensional changes or *ocyanate groups The innermost layer may, optionally, be 
insufficient mechanical load bearing capacity. ~ M composed of a polyamide. 

It has become increasingly important that fuel lines be , In ^ Ranees it is necessary to provide proper uniform 
essentially impervious to hydrocarbon emissions due to laminar adhesion between all layers of the multi-layer tubing 
hydrocarbon permeation through the tube itself. The per- ^ achie ™S a PP'opnate permeation resistant. Thus, 
missible hydrocarbon emissions due to permeation through ad u vances and novations regarding bonding materials 
fuel lines is severely limited by federal and state regulations. 35 which can be successftilly employed in permeation resistant 
Regulations in states such as California fix the total passive multi-layer tubing is highly desirable, 
hydrocarbon emission for a vehicle at 2 g/m 2 per 24 hour 1° many instances, it is also desirable to provide a tubing 
period as calculated by evaporative emission testing meth- which can address the phenomenon of the build up of 
ods outlined in Title 13 of the California Code of electrostatic charge on the surfaces of the tubing body. 
Regulations, Section 1976 as amended Sep. 26, 1991. To 40 Electrostatic charge is defined as electric charge on the 
achieve the desired total vehicle emission levels, a hydro- surface of a body such as the fuel tube which occurs when 
carbon permeation level for fuel lines equal to or below 0.5 charges are created at a rate faster than they can be dissi- 
g/m 2 per 24 hour period is desirable. It is also necessary that P ated - A charge imbalance results which will continue to 
the fuel line employed be impervious to interaction with increase until a limiting effect such as a spark discharge 
corrosive materials present in the fuel such as oxidative 45 occurs. In multi-layer fuel tubing, electric charge is built up 
agents and surfactants as well as additives such as methanol or derived from the passage of charged particles through the 
and ethanol. tubing which is made of essentially non-conductive mate- 
In the past, various types of tubing have been proposed to na ^ s - 
address these concerns. Co-extruded multi-layer tubing gen- Discharges generally occur in one of three ways: (a) 
eraliy employs a relatively thick outer layer composed of a so directly to ground (through air); (b) from one part of a 
material resistant to the exterior environment. The innermost component to another (through air); or (c) to ground through 
layer is thinner and is composed of a material which is the walls of a component (by dielectric breakdown). If a 
chosen for its ability to block diffusion of materials, such as dielectric breakdown spark discharge occurs, the energy 
aliphatic hydrocarbons, alcohols and other materials present released in the discharge event can melt, degrade or burn the 
in fuel blends, to the outer layer. 55 thermoplastic material in the discharge path and produce a 
Alcohol and aromatic components in the fuel conveyed pinhole rupture. Once dielectric breakdown occurs, the 
through the tube tend to diffuse through the tubing wall at insulative properties of the material are weakened and 
rates different from the aliphatic fuel components. It was subsequent dielectric breakdown events will generally occur 
feared that the resulting change in the composition of the at lower electrical field strength. Any subsequent discharge 
liquid conveyed through the tubing would change the solu- 60 or current flow will tend to occur along the more conductive 
bility thresholds of the tubing material to a degree sufficient path thereby enlarging the whole. If this occurs in multi- 
to be able to crystalize monomers and oligomers of materials layer fuel tubing, the risk of tubing rupture is increased with 
such as nylon 12 and nylon 1 1 into the liquid. It was feared associated increases in the danger of fire and/or explosion of 
that the crystallized precipitate would block fuel filters, fuel flammable contents in the tubing. 

injectors and the like and would collect to limit the travel of 65 Various patents have been issued which are directed to the 

the fuel pump or carburetor float as well as build up on problems of lamination strength, permeation resistance, and 

critical control surfaces of the fuel pump. electrostatic discharge prevention. Among these are U.S. 
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Pat. No. 5,383,087 to Noone ct al which discloses a multi- carbons such as would be found in a fuel line, a vapor return 

layer polymeric tube having at least four layers in which an line or a vapor recovery tube. The elongated multi-layer tube 

inner layer and an innermost electrostatic discharge layer of the present invention includes a first layer radially dis- 

preferably composed of a fluoroplastic are bonded to an posed innermost and having an inner surface capable of 

outer layer composed of a thermoplastic material such as 5 prolonged exposure to a fluid containing hydrocarbons. The 

thermoplastic elastomers and polyamides. The bonding first layer is composed of an extrudable melt-processible 

layer is preferably composed of thermoplastic made up of a thermoplastic material capable of withstanding prolonged 

polyvinyl fluoride compound and a polyamide. exposure to automotive fuel and various fuel additives. A 

U.S. Pat. No. 5,524,673 also to Noone et al, discloses second layer of the multi-layer tubing is uniformly con- 
various multi-layer tubing constructions having at least three 10 nected to the first layer. The second layer consists essentially 
layers in which an outer layer is composed of a thermoplas- of an extrudable, melt-processible two-part thermoplastic 
tic material selected from the group consisting of thermo- material in which one constituent is a non-polyester, non- 
plastic elastomers, polyamides, and mixtures thereof in alcoholic thermoplastic material capable of sufficiently per- 
which one of the layers may optionally be capable of manent laminar connection with the first layer so as to 
dissipating electrostatic charge. The inner fuel-contacting 15 prevent delamination between the first and second layers 
layer disclosed in this reference is composed of fluoropoly- during a desired lifetime of the tube. The thermoplastic 
mers selected from the group consisting of polyvinylidine material of the second layer has at least one other constituent 
fluoride, polyvinyl fluoride, polychlorolrifluoroethylene, which is chemically dissimilar from the thermoplastic mate- 
ethylene tetrafluoroethylene copolymers, graft copolymers rial employed in the first layer. The multi-layer tube also 
of the preceding fluoroplastic materials together with a 20 includes a third layer which is uniformly connected to the 
fluorine-containing compound such as copolymers of viny- second layer and consists essentially of an extrudable melt- 
lidine fluoride and chlorotrifluoroethane. Alternately, the processible thermoplastic having as a major constituent a 
inner fuel-contacting layer can be composed of a thermo- thermoplastic material selected from the group consisting of 
plastic material selected from the group consisting of ther- thermoplastic elastomers, polyamides and mixtures thereof, 
moplastic elastomers, polyamides selected from the group 25 The tubing of the present invention may, optionally, include 
consisting of nylon 12, nylon 11, nylon 6, and mixtures additional layers interposed between the respective layers or 
thereof. The materials specified for the intermediate bonding may include additional layers which overlie the exterior 
layer include certain fluoroplastic materials such as polyvi- surface of the third layer. 

nylidene fluoride; polyvinyl fluoride; non fluoroplastics such ^ 

as ethylene vinyl alcohol, polyvinyl ace tate-ur ethane blends, 30 BRIEF DESCRIPTION OF THE DRAWINGS 

thermoplastic polyesters such as polybutylene terepthalate objects, features and advantages of the present inven- 

as well as the various blends discussed in regard to Noone tion wiU become more readily apparent from the following 

description, reference being made to the following drawings 

U.S. Pat. No. 5,460,771 to Mitchell et al discloses a ' m which: 

process for making corrugated multi-layer tubing in which 35 pjQ x ^ a sectional view through a piece of multi-layer 

the outer layer can be made from any number of thermo- tubing having three layers according t0 the pre sent inven- 

plastic materials while the inner fuel contacting layer is t j Qn . 

made either from a fluoroplastic material or a material which ^ seclioDal ^ lhrou ^ a iece of ^ hayi 

.scbemicaUy similar to the outer layer. Bonding layers are ^ {q ^ ^ an 

composed of the materials Piously enumerated m con- 40 ^J,^ bonding B layer between me second 

nection with Noone 673. U.S. Pat. No. 5,566,720 to Mitch- . .. d la . g 

ell et al discloses a multi-layer tube in which the bonding . „ .. . . 

layer is a terpolymer containing a fluorinated alkylene, an a FIG 3 15 a sec «°™ 1 ™" thtou & a P*ce of tubing having 

a-fluoro olefin and a fluorinated vinyl compound. five la y ers according to the present invention. 

The use of compounds having a thermoplastic polyester M DESCRIPTION OF THE PREFERRED AND 

and a compound containing at least two isocyanate groups as ALTERNATIVE EMBODIMENTS 

a bonding or intermediate layer in multi-layer tubes has been , , 

discussed in U.S. Pat. Nos. 5,313,987; 5,449,024 and 5,474, The present invention is a multi-layer fuel line and vapor 

822 to Rober et al. The use of blends of polyamides and '"be 10 which contains at least an inner or first layer 14, at 

polyesters as a bonding material has been proposed in U.S. so least one intermediate or second layer 16 and at least an 

Pat. No. 5,362,529 to Mugge et al and U.S. Pat. No. outer or third layer 12. The tube 10 of the present invention 

5 313 987 to Rober et al ' s ' preferably, fabricated by co-extruding the given thermo- 

'itisdesirabletoprovideamulti-layertubesuitableforuse Plastic materials in conventional co-extrusion processes^ 

inmotorvehicleswhichisdurableandcanpieventorreduce ™ c *bmg 10 ™y te co-extruded to a suitable length 

permeation of organic materials therethrough. It is also « or may be «,-extmded in continuous tengths and ait o fit 

desirable to provide a multi-layer tube in which the various the a PP hca,lon subsequently. The tubing 10 of the 

layers are uniformly connected to one another in a manner present invention may have an outer diameter up to 50 mm. 

which will prevent or reduce the potential for delamination In W^ionssuch as fuel lines and vapor recovery 

between layers during the life of the tubing. Finally, it would systems outer diameters up to 63.5 mm (2.5 inches) can be 

be desirable to provide a tubing material which would be 60 produced. 

capable of preventing bufld up of electrostatic charge within The mu U-layer tube of the present mvention may have 

the tubing and would be capable of safely dissipating any a <V suitable wall thickness as desired. In automotive sys- 

electrostatic charge which may occur. ' e "»s such as those described herein wall thicknesses 

between 0.5 mm and 2 mm are generally employed; with 

SUMMARY OF THE INVENTION 65 wall thicknesses of approximately 0.8 mm to approximately 

The present invention is a multi-layer tube for use in a 1.5 mm being preferred; and wall thicknesses between about 

motor vehicle system to transport fluids containing hydro- 0.8 mm and about 1.25 mm being most preferred. 
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The wall thickness discussed is exclusive of any exterior Suitable polyamides include aliphatic polyamides include 

jacket which may overlie the exterior surface. It is within the nylon 4,6, nylon 6,6, nylon 6,12, nylon 8,10, nylon 10,10, 

scope of this invention to prepare tube material having a nylon 6, nylon 10,12, nylon 11, nylon 12 and nylon 12,12, 

plurality of overlying layers of various thermoplastic mate- and mixtures thereof. The preferred polyamide is a material 

rials. Preferably, tube 10 of the present invention generally 5 selected from the group consisting of nylon 6, nylon 6,6, 

has a maximum of five layers inclusive of bonding layers. nylon 10,12, nylon 11, nylon 12,12, nylon 12 and mixtures 

However, additional layers can be included as desired and thereof. The identification of polyamide materials above 

technically permitted. While five layers is considered the corresponds to international specifications in which the first 

general maximum, tubing having three or four layers is also numeral provides the number of carbon atoms in the starting 

contemplated. Additional layers greater than five are not to diamine and the last numeral provides the number of carbon 

be precluded from the purview of this invention if obtainable atoms in the dicarboxylic acid. In instances where only one 

by co-extrusion methods. number is quoted,- the starting substance was an a co 

The tube 10 of the present invention is an article which is aminocarboxylic acid or the lactam derived therefrom, 

suitable for use in motor vehicles and comprises a relatively Copoly amides may be used and may be prepared from 

thick outer or third layer 12 which is non-reactive with the adipic acid, sebacic acid, suberic acid, isophthalic acid, 

external environment and can withstand various shocks, 15 terephthalic acid as acid or bis(4-aminocyclohexyl)- 

vibrational fatigue and changes in temperature as well as methane, trimethylhexamethylenediamine, hexamehtylene- 

exposure to various corrosive or degradative compounds to diamine or similar codiamine selected from the group con- 

which it would be exposed through the normal course of sisting of nylon 12, nylon 11, nylon 6, nylon 6.6 and 

operation of the motor vehicle. Suitable materials for use in mixtures thereof. 

outer or third layer 12 of the present invention are generally 20 Thermoplastic elastomers which can be employed in the 
defined as melt-processible extrudable thermoplastic mate- present invention are melt-processible thermoplastics 
rials which are sufficiently resistant to ultraviolet selected from the group consisting of SANTOPRENE, 
degradation, extreme changes in temperature and exposure KRAYTON, SARLINK, VICHEM, CARILON and mix- 
to gasoline and its additives to permit use in the operational tures thereof. SANTOPRENE™ is a thermoplastic rubber 
environment. Materials of choice may also exhibit resistance 2 5 commercially available from Advanced Elastomer Systems 
to environmental hazards such as exposure to zinc chloride of St. Louis, Mo.; KRAYTON™ is a thermoplastic rubber 
and resistance to degradation upon contact with materials comprosed of a styrene-ethylene/butylene-styrene block 
such as engine oil and brake fluid. It is to be understood that copolymer commercially available from Shell Chemical 
the relative importance of the various enumerated charac- Company of Houston, Tex. SARLINK is an oil resistant 
teristics would depend upon the position of the thermoplas- 3Q thermoplastic commercially available from Novacore 
tic material of the third layer 12 in the ultimate tube Chemicals of Leominster, Mass. VICHEM designates a 
construction. family of polyvinylchloride compounds commercially avail- 
It is generally anticipated that the outer layer as well as a5le from yichem Corporation of Allendale, Mich. CAR- 
any interior layers uniformly connected thereto, would result IL0 N is an aliphatic polykeytone commercially available 
in a multi-layer tube suitable for use at an outer service from ShcU Qn Q q{ m Tex SuitaMe CAR . 

te^ntmnna^^^^ C. and about 150 C, ILON polymers which can be employed in the present 

with a range of -20 C. to 120 C. being preferred. The y 3 , . . , ~ n innn v 3 y 

. 6 c . . 1A . 11 1 ■ * j » invention is designated as DP 1000. 

various layers of tube 10 are integrally laminated to one TL 0 . 

another to provide the resulting multi-layer unit. The various In thc P rcfcrrcd embodiment, the inner layer consists 

layers are resistant to delamination throughout the lifetime essentially of a polyamide selected from the group consist- 

of the multi-layer tube 10. The multi-layer tube 10 of the 40 mg of nylon 11, nylon 12, nylon 6, nylon 6.6 and mixtures 

present invention, preferably, has a tensile strength of no less thereof; with nylon 12 being most preferred. Contrary to 

than 25 N/mm 2 and an elongation value at break of at least previously held belief, it has been found that polyamide 

150%. The multi-layer tube 10, preferably, has a burst materials can be employed successfully in the inner fuel 

strength at 23° C. and 120° C. of at least 20 bar. The contacting layer in most instances without the adverse 

multi-layer tube 10 is resistant to exposure to brake fluid, 45 effects of solubilization of monomers and aligomers. 

engine oil and peroxides such as those which may be found The multi-layer tube 10 of the present invention also 

in gasoline. Preferably, multi-layer tube 10, in general, and includes a second layer 16 which is uniformly connected to 

at least the thermoplastic material employed in the outer the first layer 12. The second layer 16 consists essentially of 

layer 12, in particular, exhibits appropriate impact resistance an extrudable melt-processible non-polyester, non-alcoholic 

at service temperatures at least as low as -20° C. with impact 50 thermoplastic material which is capable of sufficiently per- 

resistance service temperatures as low as -40° C. being manent laminar connection with the first layer so as to 

preferred. As used herein, the term "impact resistance" is prevent delamination from the first layer during the desired 

defined as the ability of a thermoplastic to withstand lifetime of the tube 10. The thermoplastic material employed 

impacts. As employed herein, impact resistance is defined as in the second layer 16 has at least one constituent which is 

the ability to withstand of at least 2 foot-pounds at tempera- 55 chemically dissimilar to the thermoplastic material 

tures below about -40° C. according to the Method for employed in the first layer. The term "chemically dissimilar" 

Impact Resistance Determination defined in SAE J2260 as used herein is defined as meaning a polymeric material 

(Nov. 1, 1997). which is from a different chemical family from the major 

The elongated multi -layer tube 10 of the present invention constituent of the polymeric material of the first layer 14. In 

includes an inner or first layer 14 disposed radially inner- 60 instances in which the major constituent of the first layer 14 

most. The inner or first layer has an inner surface 18 capable is a thermoplastic material selected from the group consist- 

of prolonged exposure to a fluid containing hydrocarbons. ing of polyamides, at least one constituent material of the 

Preferably, the first layer 14 consists essentially of a melt- second layer is a non-polyamide thermoplastic. In instances 

processible thermoplastic which has, as a major constituent, in which the major constituent of the thermoplastic material 

a thermoplastic material selected from the group consisting 65 of the first layer 14 is a thermoplastic elastomer, the second 

of polyamides, thermoplastic elastomers, and mixtures layer includes at least one constituent which is chemically 

thereof. dissimilar from the thermoplastic elastomer employed. 
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Preferably, the thermoplastic material employed in the group concentration is between about 0.3 and about 1.8%. 
second layer 16 is capable of establishing a suitable chemi- Preferably, the compound containing the isocyanate group 
cal bond between thermoplastic coextruded layers immedi- has at least one isocyanurate, urethane, acylated urea, biuret, 
ately interior and immediately exterior thereto. Preferably, carbodiimide or ester group. The materials of choice for the 
the thermoplastic material employed in the second layer 16 5 compound having at least two isocyanate groups is a corn- 
also exhibits resistance to permeation by components of the pound selected from the group consisting of isophorone 
fluid to be conveyed through the tube 10; ie components of diisocyanate, isocyanurates derived from isophorone 
fuel. The thermoplastic material may or may not include diisocyanate, and mixtures thereof. 

various plasticizers or other modifying agents. The third layer 12 is uniformly connected to the second 

In one embodiment, the second layer 16 consists essen- 30 layer and consists essentially of an extrudable melt- 

tially of a thermoplastic material selected from the group processible thermoplastic having as a major constituent a 

consisting of polyvinylidine fluoride, polyvinyl fluoride, thermoplastic material selected from the group consisting of 

polyvinyl acetate-urethane blends, and mixtures thereof. thermoplastic elastomers, polyamides, and mixtures thereof 

One preferred fluoroplastic material is a polyvinylidine Suitable thermoplastic elastomers are those which were 

derived from the thermal dehalogenation of chlorodifluoro- 15 previously enumerated in connection with the first layer, 

ethane. One preferred non-fluorocarbon material is a poly- Suitable polyamides are generally those which were defined 

vinyl acetate/urethane blend. The materials of choice exhibit in connection with the first layer with the poly amide pref- 

an affinity to polymers employed in the inner layer. Suitable erably being selected from the group consisting of nylon 12, 

thermoplastic materials are commercially available under nylon 11, zinc chloride resistant nylon 6, nylon 6.6, and 

the tradename "ADEFLON"; from Atochem Inc. elf Aquita- 20 mixtures thereof, with nylon 12 being most preferred. It is 

ine Group of Philadelphia, Pa. anticipated that the thermoplastic material employed in the 

Alternately, the extrudable melt-processible non- outer layer may be either modified or unmodified to contain 

polyester, non-alcoholic thermoplastic material employed in various plasticizers, impact modifiers, etc. The thermoplas- 

the second layer 16 may contain an isocyanate material as a tic material of choice will generally have an elongation at 

first chemically dissimilar constituent and a polyamide as a 2 s Drcak of 150% and an aDmtv to withstand impacts of at least 

second constituent thereof. Preferably, the polyamide 2 foot-pounds at temperatures below about -40° C. Various 

employed in this particular melt-processible thermoplastic other materials may be added as necessary to increase 

material is selected from the group consisting of nylon 6, resistance to ultraviolet degradation, exposure to environ - 

nylon 6.6, nylon 11, nylon 12 and mixtures thereof; with mental hazards such as zinc chloride, and degradation upon 

nylon 12 being most preferred. 3 o contact with engine oil and brake fluid. Suitable impact 

The isocyanate constituent employed in the melt- modifying polymers include but are not limited to, ethylene/ 

processible non-polyester, non-alcoholic thermoplastic propylene copolymers or ethylene propylene/diene copoly- 

material of the second layer 16 is a compound having at least mers - 

two isocyanate groups. Suitable compounds include In instances in which nylon 6 is employed, it is anticipated 

di-functional isocyanates and higher functional isocyanates, 35 that the nylon 6 would either exhibit zinc chloride resistance 

preferably aromatic and cycloaliphatic isocyanates such as inherently or would contain sufficient quantities of modify- 

1,4 phenylene diisocyanate, 2,4-tolylene diisocyanate, 2,6- ing agents to impart a level of zinc chloride resistance 

tolylene diisocyanate, 1,4-naphthalene diisocyanate, 1,6- greater than or equal to that required by performance 

hexamethylene diisocyanate, diphenylmethane 2,4- requirement 7.5 outlined in SAE standard J2260; i.e. non- 

diisocyanate, diphenylmethane 4,4 , -diisocyanate, 40 reactivity after 200 hour immersion in a 50% by weight zinc 

diphenylmethane 2,2'diisocyanate, isophorone diisocyanate, chloride solution. The nylon 6 which would be employed in 

1,4-tetramethylene diisocyanate, 1,12 dodecane the third layer 12 of the multi-layer tubing 10 of the present 

diisocyanate, trip he nylme thane 4,4',4" triisocyanate, cyclo- invention can also be modified with various plasticizers, 

hexane 1,3 diisocyanate, cyclohexane 1,4-diisocyanate, flame retardants and the like in manners which would be 

cyclobutane, 1,3-diisocyanate, 2,4-hexahydrotolylene 45 known to those skilled in the art. 

diisocyanate, 2,6-hexahydrotolylene diisocyanate, Additionally, the elongated multi-layer tube 10 of the 
hexahydro-l,3-phenylene diisocyanate, hexahydro-1,4- present invention may also include at least one intermediate 
phenylene diisocyanate, norborene diisocyanate, p- or bonding layer 20 interposed between either the first layer 14 
m-xylylene diisocyanate, perhydro-2,4-diphenylmethane and second layer 16 or the third layer 14 and second layer 
diisocyarlate and perhydro-4,4' diphenylmethane diisocyan- 50 16. It is also within the purview of this invention that the 
ate. Also suitable are isocyanates having isocyanurate, multi-layer tube 10 of the present invention include at least 
urethane, acylated urea, biurea, carbodiimide or ester groups one intermediate bonding layer interposed between both the 
as well as oligomeric fatty acid containing isocyanates and first layer 14 and the second layer 16 and between the second 
perchlorinated arylisocyanates. layer 16 and the third layer 14. As depicted in FIG. 2, one 
The isocyanate modified thermoplastic employed in the 55 intermediate bonding layer 20 is interposed between second 
second layer 16 will preferably contain between about 60% layer 16 and third layer 12. The intermediate bonding layer 
and about 99% by weight polyamide and between about 1 20 is composed of a suitable melt-processible thermoplastic 
and about 40% by weight of the compound containing at material capable of suitable laminar adhesion with underly- 
least two isocyanate groups such that the isocyanate groups ing and overlying layers. Preferably, the intermediate bond- 
originating from this compound provide a total isdcyanate 60 ing layer 20 or layers 20, 22 consists essentially of a 
concentration between about 0.03 and about 3% by weight melt-processible thermoplastic selected from the group con- 
of the thermoplastic material. Preferably, the thermoplastic sisting of polyvinylidine^ fluoride, polyvinyl fluoride, 
material contains between about 70 and about 98% by copolymers of ethylene tetrafluoroethylene, blends of ure- 
weight polyamide and about 2 to 30% by weight of the thane and polyvinyl acetate, and mixtures thereof, 
compound having at least two isocyanate groups present in 65 The tube 10 of the present invention may also, optionally, 
an amount between 25 and about 10% by weight being most include an outer jacket 22 which surrounds the third or outer 
preferred. In the preferred embodiment, the total isocyanate layer 12. The jacket 22 may either be coextruded with the 
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other layers during the extrusion process or may be added in The polymeric material employed in the layer capable of 

a subsequent process such as by cross head extrusion. The electrostatic dissipation, referred herein as the "conductive 

outer jacket 22 may be made of any material chosen for its layer" of the present invention may exhibit inherent qualities 

structural or insulating characteristics and may be of any of electrostatic dissipation or, preferably, may include in its 

suitable wall thickness. In the preferred embodiment, the 5 composition a conductive medium in sufficient quantity to 

outer jacket 22 may be made of a thermoplastic material pcrmit electrostatic dissipation in the desired range. The 

selected from the group consisting of zinc-chloride resistant conductive medium may be any suitable material of a 

nylon 6 nylon 6.6, nylon 11, nylon 12 polypropylene, compos ition in shape capable of effecting this electrostatic 

thermoplastic elastomers and mixtures thereof. Suitable dissipation . ^ conductive material may be selected from 

in* AYTn\r S ^rr hfm° TnH \ ap t tm£ SANTOPRENE > 10 the group consisting of elemental carbon, stainless steel, 

^ ■ a ,k ' if- ? k in r *k . ttgUy conductive metals such as copper, silver, gold, nickel 

When desired, the muhi-laver tube 10 of the present and § aQd mb({mcs tcfm „ elcmcntal 

invention may be suitably provided so that at least one ayer he ^ 

exhibits conductive characteristics rendering the multi-layer . . . , c f* u , . . , „ n . 

, - A c , . . A . •_- i_ matenals commonly referred to as "carbon black . Carbon 

tube 10 capable of dissipating electrostatic charge which „ . . . u 

u -u . « « i_ a ' «m- i , . *■ j- • 15 black as denned herein is a finely divided form of carbon 

builds up in die tube during use. When electrostatic dissi- duced b bumi aporize / heavy oil fraction with 

pative charactenstics are desired it is preferred that one of ^ fof ^ * £ comb ustion Carbon black can 

he inner layers exhibit electrostatic dissipatiye charactens- ^ m ^ from J Qf ^ QI 

tics It is most preferred that the raoially innermost fuel direct combustion< ^ carbon bkck ca * be > resem { * the 

contacting layer exhibit electrostatic dissipative character- 2Q fofm rf carboQ aQd ^ ^ 

istics ' , , . „ , . . „ The amount of conductive material contained in the 

As used herein, "electrostatic dissipatiye characteristics thermoplastic ^ generally Hmited by considerations of low 

"^^^ ° f ^ d»»P«» »toctio«jtoB duiBP temperature durability and resistance to the degradative 

which builds up in the multi-layci -tube. This ability can be effectsof the gasolilie or facl passing lhrough the mu iti-layer 

thought of as a quantification of the ease that electrical 25 mbe 1Q fa ^ fcrred embodiment> the thermoplastic 

charges can move in a given material. In fuel automotive material CQQ[ ^ QS conductive raaterial ^ an amount suffi . 

system components, the electrostatic dissipative character- dem tQ effect electrostatic diss i pat i on . Generally speaking, 

istics of matenals are differentiated on the basis of measured the maximum amoum of con ductive material employed in 

surface resistivity value (expressed as ohms per square) ^ thermoplastic fa less than about 7% by volume with a 

"Surface resistance" of a material is resistivity as measured 3Q concentration betwecn about 2 % and about 4% by volume 

multiplied by the ratio of specimen surface dimensions b - fcrred> ^ arrive materia i can bc eit her 

(width of electrodes defining the .current path divided by the bleoded intQ {hQ mell . processible thermoplastic so as to be 

distance between electrodes) which transforms the measured iDtcrstitia ii y integrated into the crystalline structure of the 

resistance to that obtained if the electrodes formed the lymeFf Qr [{ caQ be incorporated during polymerization of 

opposite sides of a square. Hie unit of measurement is 35 the monomers that make up the thermoplastic material, 

defined generally as ohms per square (ohm/square). Without being bound tQ any thcoryj u ^ bclieved lhat 

carbon-containing materials such as carbon black may be 

r s = r — incorporated during copolymerization of the surrounding 

L thermoplastic material. Materials such as stainless steel are 
40 more likely to be blended into the crystalline structure of the 

where R is measured resistance; d is tube ID; and L is the polymer. In the preferred embodiment, the electrostatic 

distance between electrodes. dissipation capacity as measured in surface resistance is 

When electrostatic dissipative characteristics are desired, between lxlO 4 ohm per square and lxlO 9 ohms per square 

the tubing 10 of the present invention will include at least as determined by the method for measuring and calculating 

one layer in which the polymeric material exhibits an 45 surface resistance is set forth in SAE J2260. 

electrostatic dissipation capacity of the polymeric layer is It is to be understood that electrostatic dissipation capac- 

sufiicient to leak electrical charge at a level approximately ity can also be expressed in terms of volume resistance; a 

equal to or greater than the rate at which electrostatic charge measurement which recognizes that conduction through the 

builds up or accumulates in the tube. Electrostatic charge bulk of the material can contribute to reduction of charges 

accumulation is the phenomenon during which charge accu- 50 that have built up as well as the surface dissipation. Volume 

mulates in areas of flow transition causing localized charge resistance is relatable to surface resistance levels but is 

imbalance. If unchecked, the imbalance continues to grow dependent upon geometry. It is also possible to quantify 

until the rate of dissipation equals the rate of accumulation electrostatic dissipation in terms of rate of charge dissipa- 

or some limiting mechanism such as electrical discharge tion. This can be determined by following a procedure such 

occurs to cause the level of charges to become balanced or, 55 as the one defined by MIL-B-81705 B. As with volume 

at the minimum, reduced. Electrostatic dissipation is the resistance, the actual time for charge to decay that is used to 

action of unbalanced charge being reduced through conduc- define the three terms is dependent upon geometry. Such 

tion to ground. The polymeric material employed is, correlations can be readily ascertained by the skilled artisan, 

preferably, one which can be defined as having electrical It is within the scope of this invention that the first layer 

characteristics as moderately conductive or "sufficiently 60 14 may be composed of first and second sublayers 24 and 26, 

dissipative". As used herein, the term "moderately conduc- respectively, preferably composed of thermoplastic materi- 

tive" is defined as a measurement of surface resistivity levels als which are chemically similar to one another. Preferably, 

between about lxlO 4 ohms per square and about 1x10° in such embodiments, the first layer 14 comprises a first 

ohms per square. As used herein, the term "sufficiently sublayer 24 disposed radially innermost having a predeter- 

dissipative" as having a measured surface resistivity level of 65 mined first radial thickness and an inner surface capable of 

greater than lxlO 6 ohms per square but less than about prolonged exposure to a fuel containing hydrocarbon. The 

lxlO 10 ohms per square. first layer also includes a second sublayer 26 having a 



